General methods
All reagents were commercially available and used as supplied without further purification.
Solvents were either employed as purchased or dried prior to use by usual laboratory methods.
NMR data were obtained on Bruker ECX 400 MHz, Jeol Eclipse 500 MHz, or Bruker AVANCE III 700 MHz NMR spectrometers, FTIR spectra recorded on a Nicolet Avatar 320 FT-IR spectrometer. UV/Vis spectra recorded on a Varian Cary 50 Bio UV/Vis spectrophotometer.
Thermogravimetric analysis (TGA) of samples were performed on TGA/SDTA 851 (Mettler/Toledo, Gießen, Germany) at temperatures varied from 30 °C to 700 °C using a heating rate of 10 K min -1 (with purge gas flow of 20 mL min -1 nitrogen). Mass spectra were obtained using an electrospray ionization (ESI) interface on an Agilent LC/MSD TOF system. The AFM measurements have been performed using a Nanoscope Multimode V (Veeco, now Bruker AXS, Mannheim). All images were flattened previous to height analysis using algorithms contained in the software NanoScope version 1.5. Tip convolution makes lateral dimension analysis difficult.
Measurements were performed in laboratory air at room temperature. The microscope was operated in the tapping mode (TM-AFM) using silicone probes, PPP-NCL-R (NanoAndMor GmbH, Wetzlar), SNL-D and SNL-A (Bruker AXS GmbH, Karlsruhe) under ambient conditions.
The cantilever was forced to oscillate near its resonance frequency. The samples were prepared by spin coating (Spin Coater SCV-2) at 5000 rpm for 300s on freshly cleaved mica. Transmission electron microscopy (TEM) images. Droplets (~5 μL) of ManCD@AG4 sample solution were placed on carbon film coated copper grids (Plano GmbH, Wetzlar, Germany) and supernatant liquid was removed by blotting with a piece of filter paper. The grids were allowed to air-dry at least 40 min and were subsequently transferred into the microscope without use of a contrasting or cryo-fixation step (Note: graphene and its derivatives are known to create sufficient contrast in the TEM on their own).
Preparation of supramolecular inclusion complexes
Release the captured E.coli by competitive guests. 27 µL stock solution of ManCD@AG4 (98. Afterwards, each mixture was immediately subjected to NIR laser irradiation (785 nm, 0.5 W/cm 2 )
for 10 min at a distance of 1 cm. Finally, 100 μL of irradiated sample was spread on agar plate, and incubated for 24 h at 37 °C. In the diluted mode, the spreader which employed for spreading 100 µ L irradiated sample was used directly without washing and spread again on agar plate. The and added dropwise to a solution of 2,2'-(ethylenedioxy)bis(ethylamine) (14.82 g, 100 mmol) in chloroform (15 mL) at 0 °C. The suspension was stirred overnight at 20 °C. The reaction mixture was washed three times with water (100 mL), and the product was extracted by hydrochloric acid solution (100 mL 1 M in water). The aqueous layer was isolated, basified by addition of sodium hydroxide solution (10 mL 10 M in water), and subsequently extracted 3 times with dichloromethane (3 times 100 mL). The combined organic layers were dried with sodium sulfate and filtered, and the dichloromethane was removed under reduced pressure. Recrystallization of the product from diisopropyl ether gave the pure product as colorless crystals (yield: 80% 77.41, 77.16, 76.91, 72.33, 70.88, 70.05, 69.95, 50.59, 42.52, 41.43, 39.73, 36.53, 29. Figure S1 . 
Synthesis of compound 2
Scheme S2. Synthetic route to 2.
Di-tert-butyl tricarbonate 1 (103 mg, 394 µ mol) was dissolved in chloroform (4 mL), and 1 (128.2 mg, 394 µ mol) in chloroform (4 mL) was injected in this solution at 20 °C. The reaction mixture was stirred for 30 min to yield isocyanate 2 which can be identified from the 1 H NMR shift. The isocyanate 2 was used directly for the next reaction without any purification. TRGO was produced in a two-step procedure starting with graphite. At first, the graphene oxide (GO) was prepared by oxidation of graphite according to the method of Hummers and Offemann. 2 Graphite (60 g) was stirred in concentrated H 2 SO 4 (1.4 L) at room temperature and NaNO 3 (30 g) was added. The mixture was cooled to 0 °C and KMnO 4 (180 g) was added during 5 h. The reaction mixture was allowed to reach room temperature and stirred for 2 h. The reaction was quenched by pouring the reaction mixture into ice water (2 L) and adding H 2 O 2 (3%, 200 mL).
The GO was filtered off, washed with aqueous HCl (3%) and then with water until no AgCl precipitated when aqueous AgNO 3 was added to water. The purified chlorine-, sulfate-and manganese-free GO was dried in vacuum at 40 °C and powdered (60 mm mesh) by a ball mill (Retsch, Haan, Germany) using liquid nitrogen. In the second step, GO was thermally reduced at 400 °C or 750°C, to produce TRGO400 and TRGO750 respectively. TRGO 400/750 was obtained as a black powder of very low bulk density.
For the preparation of AG4, 40 mg TRGO400 (n -OH = 64 µ mol) was suspeneded in 5 mL dry S10 chloroform, and was consequently treated with an excess isocyanate solution 2 (15 mL) and 1 mg zirconium(IV) acetylacetonate (Zr(acac) 2 ) as catalyst in chloroform (50 mL). The mixture was stirred under argon for 3 day at a temperature of 40 °C. AG4 was filtered off and washed several times with chloroform followed by drying in vacuum at 100 °C.
Synthesis of ManCD
The synthesis of the mannose substituted β-cyclodextrin (ManCD) was started with known peracetylatedmannose 3 shown in scheme 4, glycosylated with bromoethanol in the presence of BF 3 •OEt 2 yield 4. Then 4 were converted to thiocyanate-mannose derivative 5 using KSCN. The thiocyanate 5 was reduced by Zn-AcOH to the corresponding thiol 6. Iodinated cyclodextrin substrate 7 yields 8 after peracetylation. Then 6-hepta iodinated β-cyclodextrin 8 reacted with 6 in the presence of Cs 2 CO 3 to yield mannose-substituted β-cyclodextrin 9, which was finally treated with base yielding compound ManCD, as previously reported. 
Characterization of adamantyl-functionalized graphene derivatives

Elemental analysis
The successful formation of the carbamate esters via the reaction of the isocyanate with the surface hydroxyls can be evidenced by the increased content of nitrogen (see Table S1 ). The TRGO400 provides higher densities of hydroxyl group on the carbon surface that can be functionalized: that is the -OH number in TRGO400 is 1.2 mol/kg; while the number in TRGO750 S12 is 0.44 mol/kg. According to the carbon-to-nitrogen atomic ratio, one can estimate the approximate functionalization degree of adamantyl group attached. It is calculated that there is approximately 55 graphene carbons per one incorporated carbamate ester unit in AG4, which means 27 aromatic rings surrounding one adamantyl group.
IR spectra of GO, TRGO400, AG4
Figure S5. FT-IR spectra of GO, TRGO400 and adamantyl functionalized AG4. In the spectrum of AG4, the characteristic peak at 1732 cm -1 also increased, which is attributed to the C=O stretching of urethanes and provided evidence for successful chemical functionalization. At the same time, the intensity of the peaks associated to the -CH 2 stretching vibration at 2918 and 2850 cm -1 increased, as expected for the ethylenedioxy groups on TRGO surface. (1) AG4 and (3) 1. It is found that compound 1 undergoes most of weight loss below 410 °C. Our previous test shows the TGA curve of TRGO400 has 2% weight loss at temperature of 410 °C. 5 This value for AG4 is 10.2%.
Therefore, the amounts of decorated admantyl chain on the TRGO400 are calculated to be about 8.2%, which is in close to the value obtained from the elemental analysis that is 10%. Figure S9 . AFM images of sample AG4 at different magnifications. In order to fairly evaluate the morphology and height profiles of AG4 carbon sheets, several areas were randomly picked up for analysis. As depicted in Figure S9 , the decoration of adamantyl chain increase the dispersibility of AG4, since we can easily observe many paper-like carbon sheets (d-i), with diverse sizes ranging from hundreds nanometers to several micrometers. Some severe aggregated sheets remain observed (c). It should be noted that in majority of well-dispersed AG4 sheets, many small dots can be detected on the carbon surface (indicated by colored inverted triangle). Due to the limited resolution of AFM images (the error bar of height profile is ±1 nm), the height of these dots is around 2-3 nm, which could be ascribed to the adamantyl chains attached on the surface. Figure S10 . TEM images of sample AG4 collected by different speed of centrifugation: (a-c) the precipitated portion collected at the centrifugation cut-off of (a-c) 2000 rpm, (d-f) 4000 rpm and (h-j) 6000 rpm. In analogy with the AFM observation in Figure S9 , we can easily observe many paper-like carbon sheets, with diverse sizes ranging from hundreds nanometers to several micrometers. Figure S11 . AFM images of AG7 prepared at different magnification. As shown in Figure S11 , it is much easier to find the paper-like flat carbon sheets. Due to the fewer number of hydroxyl groups graphene surface, the AG7 carbon sheets have fewer defects (more sp 2 carbon) and less distortion. Accordingly, it is easy to understand the morphology of AG7 is more flat than that of AG4. The reduced roughness of surface leads to the higher resolution of the height profiles. As shown Figure S11c , the derivation of surface background is less than 1 nm (± 0.5 nm). Again, many small dots were also detected on the surface of AG7. The height of these dots is determined to be ~2 nm (e.g. 1.6 nm -2.2 nm), which is in consistent with the calculated length of fully stretched adamantyl-(ethylenedioxy)bis(ethylamine)-based linker (~2.2 nm, calculated by CaChe program at the AM1 MOZYME level of theory, see Fig. S11d ). This result further confirms the small dots observed in Figure S9 are these adamantly-linkers. Figure S14 . TEM images of sample ManCD@AG4. 
Raman spectra measurement
Morphology investigation of AG4 by AFM
Morphology investigation of AG4 by TEM
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Morphology investigation of AG7 by AFM
Morphology investigation of ManCD@AG4 by TEM
Control experiment demonstrating the host-guest complexation in ManCD@AG4
Figure S15 Control experiment demonstrating the complexation. Upon the addition of large excess competitive guest AdCNa (100 eq.), the ManCD is occupied by the AdCNa, thus expelled from the AG4 surface. As expected, the dissociation of of ManCD@AG4 results in the precipitation of AG4 in water. This result further confirms the host-guest complexation occurs on the graphene surface. 
Determination of the amount of attached carbohydrate on graphene surface
Anthrone is used for a popular cellulose assay and in the colorometric determination of carbohydrates. 6 ManCD@AG4, CD@AG4 and AG4 were dispersed in deionized water (0.5 mL)
in an ice bath. A freshly prepared 0.5% (w/w) solution of anthrone in sulfuric acid (1 mL) was added slowly to this solution. The resulting solution was gently mixed and heated to 80 °C for 10 min. The absorption of the solution was measured at 620 nm and compared with those that were obtained from a standard curve to determine the amount of ligand on the ManCD@AG4 surface.
Figure S16
A standard deviation curve estimate the sugar amount (i.e. CD unit) on ManCD@AG4 is 117.8 ± 8.7 nmol/mg, and CD@AG4 is 109.2 ± 7.7 nmol/mg, according to AG4 weight. 
Methods for calculating agglutination index (A.I.)
According to previous reported protocol, 7 (eq.S1)
In accordance with the case of ManCD@AG4 and E.coli strain ORN178, other sample cases mentioned in the maintext was calculated by the same method. min NIR laser irradiation (785 nm), in which very few colonies were observed. In the diluted mode, The killing efficiency number was derived from the colony counting number (see Figure   S6c ), that the killing efficiency towards E.coli is > 99%.
Figure S26
Evaluation of the long term inhibition of growth of bacteria on the NIR irradiation E.coli sample (interacting with ManCD@AG4). The photographs of E. coli bacterial colonies were taken from the re-cultured samples which has been kept at 4°C for 9 days: a) E.coli ORN178 incubated with ManCD@AG4 without NIR treatment; b) E.coli ORN178 incubated with ManCD@AG4 with NIR treatment. As shown in Figure S7b , the NIR radiation is able to disinfect the E.coli and only very little colonies (38 colonies) was observed. In contrast, the sample without NIR radiation, the E.coli grew full of the agar plate.
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